newer strains of Pseudomonas isolated from natural surfactant induced media which can produce bio-surfactant. We show here that these two newly isolated strains Pseudomonas putida SB3 and SB5 produces a surfactant which substantially changed the surface tension in non-aqueous medium.
Materials and Methods 1 Materials
Variety of bacterial strains were collected from soil. Soyalecithin was collected from M/s S.M. Dyechem (Indore, India). The solvents and chemicals used were of A.R. grade supplied by S.D. Fine Chemicals, Mumbai, India.
Isolation and Purification of Bacterial
Strain Soil samples were collected from crop fields and gardens. There were altogether 15 samples of soil out of which 8 were selected for the experiment and microbes were collected from it by enrichment test with soyaphospholipid. Different bacterial strains were inspected under microscope and two Pseudomonas strains were purified after examining their ability in producing biomass containing biosurfactant.
3 Morphological and Physiological Characterization of Isolates
Isolates were examined at different time for Gram reaction and cell morphology (identification was done at National Institute of Cholera and Enteric Diseases, Kolkata). Other biochemical tests were performed following directions of the latest edition of Bergeys manual (10).
4 Incubation Condition and Media
The purified cultures were incubated in the sterilized nutrient medium (60 ml medium in 250 ml conical flask) for 3-15 days at 37 (consisting of 1g beef extract, 2 g yeast extract, 5 g peptone, and 0.5 g sodium chloride in 1000 ml of distilled water) with continuous shaking (120 stokes/min). The pH of the medium was kept nearly at 7.0. Samples from the cultures as well as from sterile controls were collected and analysed.
5 Separation of Bacteria from Media
The culture medium was centrifuged at 10,000 r.p.m. for 30 mins. The cells were precipitated out from the media. The supernatant were decanted off. The whole cells were washed with buffer of pH 7.0 and again centrifuged to free from medium completely.
6 Extraction of Bacterial Lipid
Cells were taken in a homogenizer and cellular lipid were extracted with the mixture of chloroform : methanol : water (2 : 1 : 0.8) in a standard procedure (11) . After extraction, the solvent was removed under a stream of nitrogen, and finally the extract was dried under vacuum. Then the percent total lipid of bacterial cell is estimated gravimetrically and phospholipid is estimated spectrophotometrically according to the standard method (12).
7 Thin Layer Chromatography
The different fractions of the bacterial lipid were separated by column chromatography and measured gravimetrically. The bacterial lipid was tested for the presence of glycolipid and phospholipid by Molisch's test (13) , and phosphate stain test (11), respectively. The fatty acid composition of the total lipid and phospholipid fraction was determined with a gas-liquid chromatography (GLC) method after conversion into methyl esters (14) .
8 Investigation of Surface Active Property of Bacterial Lipids
Surface active property of cellular lipids of the bacterial strains was determined at different concentrations with du-NOUY tensiometer (made by Jenson & Co., Kolkata, India) graduated to 0.1 mN/m (15).
9 Analysis of Polar Lipids
The presence of phospholipids in the lipid isolated was confirmed by phosphate reagent test. The amount of phospholipid in the lipid extract was determined spectrophotometrically.
Column choromatography separation of the lipids showed that neutral lipids formed 70-75%, phospholipids 10-13% and other polar lipids 17-20% of the total lipid.
The lipid responded positively to the Molisch's test and therefore indicated the presence of glycolipid. But the amphilic surface-active glycolipid i.e. rhamnolipid are usually secreted by pseudomonas sp., and their production was observed when the strain was grown on Pseudomonas Strains with Surface-Active Molecules soluble substrates (16) . Detection of rhamnolipid was done by thin-layer chromatography (17).
Result and Discussion
From 8 bacterial strains, 2 varieties of bacterial strains of Pseudomonas sp. SB 3 and SB 5 were studied to investigate biosurfactant production. They were identified as Pseudomonas putida SB 3 and SB 5 (vide Table 1 ).
The fatty acid compositions of bacterial lipid after harvesting the cells in nutrient media for 15 days at 37 are shown in Table 2 . The table shows that the bacterial lipids are rich in long chain polyunsaturated fatty acids (LC-PUFA). The strain of SB3 synthesizes high amount of C 20:5 fatty acid whereas the SB 5 strain synthesises high amount of C 20:5 fatty acid along with considerable amount of C 22:6 fatty acids.
The fatty acid profiles of phospholipid of two strains are almost of similar nature. Like the total lipid fraction, the phospholipid fraction is also quite rich in C 20:5 fatty acid. Measurement of surface tension ( Table 3) showed that there was an appreciable reduction in surface tension values of water upon the addition of bacterial lipid, and the surface tension was reduced with an increase in the concentration of the lipids from 0.5 to 1%. 
Conclusion
The biosurfactants from the newer strains of pseudomonas which are rich in LC-PUFA and exhibit quite good surface-active properties can be used in food and pharmaceutical applications to a considerable extent. This study does bring to the forefront the additional evidence of biosurfactant producers indigenous to various soils and thus the role of biosurfactant producers in contaminated soil is extremely important because this may be an untapped source of potentially useful microorganisms.
